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(54) Disc bonding method and device therefor 

(57) The present invention relates to a method for 
bonding together two disc substrates, at least one disc 
substrate having a UV transmissive-visible light reflec- 
tive information recording layer provided on a UV trans- 
missive base. In this method, the disc substrates are 
bonded together, so that the information recording layer 
of one disc substrate faces the other disc substrate, by 
employing UV inadiation to cure a UV curable composi- 
tion used as a bonding agent In the case of the present 
invention, to cure the bonding agent UV is irradiated in 
a single or repeating flash so as not to impair the infor- 
mation recording layer. As a result, the bonding agent 
can be cured in a shorter period of time with less energy 
consumed as compared to the conventional method of 
using continuous irradiation of UV light to cure a UV cur- 
able composition used as a bonding agent Accordingly, 
the present method enables a product disc to be 
obtained in a shorter time, with less energy used, so 
that productivity (i.e., number of bondings per unit time) 
is improved. 
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Description 



BACKGROUND OF THE INVEI^ION 



1. Field of the Invention 

The present invention relates to a method for bonding together two discs having information recording layers and. 
more specifically, to an optimal method for manufacturing a DVD ("digital video disc" or "digital versatile discT employ- 
ing an bonding method. 



2. DesCTlption of the Related Art 

In the conventional method for bonding two plate-like objects together employing a UV curable resin as an bonding 
agent a UV curable composition is first coated unifomily to the bonding surfaces of the plates using a known technol- 
ogy such as spin coating, screen printing or the like. The two plates are then stacked so that the bonding surfaces meet. 
UV light is then irradiated in a continuous emission to cure the resin. 

A high-pressure mercury lamp, metal halide lamp, mercury-xenon lamp or other such conventionally used device 
may be employed as the light source in the UV irradiation. However, since the lamp continuously emits light in this 
method heat is readily generated, which can cause warping of the disc or impair its mechanical characteristics. 

Further, in these types of continuous emission lamps, it generally requires several minutes or more for the light 
emission to' stabilize once the lamp is turned on. Accordingly, since these lamps cannot be turned on and off readily, 
the lamp must be left on when a product is being produced continuously. For example, if a production cycle (i.e.. the 
time required for a single bonding process) requires 5 seconds, with UV irradiation carried out for 2 seconds, then 
energy is wasted during the remaining 3 seconds in which the lamp is on but not needed. 

Moreover, when bonding two plate-like objects together using a UV curable resin as an bonding agent, fewer prob- 
lems occur if at least one of the two plate-like objects is U V transmissive. 

However, when manufacturing a product such as a DVD. which is formed by bonding together two plate-shaped 
disc substrates, a thin metallic layer or other layer which does not readily transmit UV may be present under the bonding 
layer. In such cases, the intensity of the UV light is significantly weakened by these types of layers.-so that efficient cur- 
ingot the bonding agent may not occur. 

Further, if the curing of the bonding agent is to be promoted, rt then becomes necessary to provide a large capacity 
lamp so that the cost of the finished product unavoidably increases. Moreover, if a large capacity lamp is employed, then 
the heat given off by the lamp presents a problem in that it may give rise to warping or other defonrotions in the discs. 
In order to avoid this, it becomes necessary to provide separate cooling equipment around the lamp, making the device 
larger and more complicated. ^ 

Conversely. UV curing may be can-ied out using a small capacity lamp, but irradiation must then be performed for 
20 to 30 seconds or more, making actual application of this approach difficult 



SUMMARY OF THEJNVENTION 

The present invention was conceived in consideration of the aforementioned problems, and has as its objective the 
provision of a method and device for bonding discs together which enables a high level of production, uses only a small 
amount of electric power, and requires only small, lightweight equipment 

After carrying out extensive research aimed at resolving the aforementioned problems, the present inventors were 
able to complete this invention upon the discovery that a method using flash emissions of UV in UV irradiation, rather 
than continuously emitting UV, enables a reduction in the electric power consumed and an increase in the number of 
discs bonded over a given period of time. 

In other words, a first aspect of the present invention concerns a method for bonding together two disc substrates, 
each of which has a UV transmissive base, at least one disc substrate having a UV transmissive-visible light reflective 
information recording layer provided on the UV transmissive base, wherein the disc substrates are bonded together, so 
that the infonration recording layer of one disc substrate faces the other disc substrate, by inadiating UV light to cure a 
UV curable composition employed as a bonding agent this method being characterized in that curing of the bonding 
agent is earned out by flash irradiation of UV light. 

The second aspect of the present invention concerns a device for bonding together two disc substrates, each of 
which has a UV transmissive base, at least one disc substrate having a UV transmissive-visit»le light reflective informa- 
tion recording layer provided on the UV transmissive base, wherein the disc substrates are bonded together, so that the 
information recording layer of one disc substrate faces the other disc substrate, by irradiating UV to cure a UV curable 
composition employed as a bonding agent, this device being characterized in the employment of a light emission device 
which includes a flash-type discharge mechanism and a lamp that serves as the UV light source. 
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At least one of the two disc substrates employed in the bonding process in the present invention has an information 
recording layer provided on a UV transnrtissive base. The present invention includes both the case where each of the 
disc substrates have an information recording layer provided on a UV transmissive base, and the case where one disc 
substrate has an information recording layer provided on a UV transmissive base while the other disc substrate does 

5 not have an infomiation recording layer which requires a UV transnrtissive base. In other words, the phrase "two disc 
substrates, at least one disc substrate having a UV transmissive-visible light reflective information recording layer pro- 
vided on a UV transmissive base" as used in the present invention is intended to include both of the preceding cases. 
In either case, however, the UV transmissive layer ordinarily has a thickness of 0.3 to 1 mm. 

Any of the known materials conventionally used may be employed as the UV transmissive base, with examples 

10 including heat-resistant thermoplastic synthetic resins such as acrylic resin, polycarbonate, amorphous polyolefin or 
the like. The information recording layer is provided to one of the bases, and has pits or indentations representing 
recorded information. This information recording layer is laminated with a UV transmissive-visible light reflective coat- 
ing. 

It is preferable that the material used for this coating is one which permits accurate confirmation of the pits by 
75 reflecting at a high rate the visible light used to read out the recorded information. In general, a coating which rellectc 
visible light at a high rate will also denronstrate a high rate of reflection for UV light as well. A coating which does not 
transmit UV at all cannot be employed in the present invention. Examples of a UV transmissive-visible light reflective 
coating include UV-transmissive visible light-rellective metals such as aluminum, nickel, gold or alloys. Metals which 
may be employed as this coating are ones which have a rate of reflection of visible light in the range of 80 to 100%, and 
20 a rate of transmission of UV that is in the range of 0 to less than 10%. but preferably above 0 and less than 3%, across 
the entire UV wavelength region. The thickness of this coating in the information recording layer is between 200 to 800 
angstroms. 

The disc substrate employed in the present invention may be obtained by pouring the material which is to form the 
substrate into a stamper nrrald in which grooves of a specific size, thickness and shape have been formed which corre- 
2S spond to the audio or video information which is to be regenerated. The substrate is then molded, and a UV transmis- 
sive-visible light reflective coating is then laminated over the substrate. In general, this laminate can be formed by 
depositing the aforementioned metal to a specific thickness on the pitted surface of the substrate to form a thin metallic 
coating. In this way. an information recording layer may be formed in which the pits and coating are formed in a unitary 
construction. 

30 In order to extend the recording time, distinct or continuous information may be recorded in the information record 
ing layers of each of the two disc substrates which are bonded together to form a DVD, for example. 

A known UV curable conrposition conventionally used may be employed as the bonding agent for bonding the disc 
substrates. Such UV curable corrpositions are also refen-ed to as UV curable resins. Witfi a view toward improving tiie 
UV curing characteristics, it is preferable to employ a UV curable composition which includes a photopolymerization ini- 

35 tiator. In this case, it is preferable to use a photopolymerization initiator which has an absorption wavelength which at 
least overlaps the wavelength of the iirradiated UV light as desaibed below. By using such a photopolymerization initi- 
ator, curing and bonding can be carried out with greater effidency and certainty. 

When fonnulating a UV curable composition, monofunctional (metfi)acrylate and polyfunctional (meth)acrylate may 
be used as the polymerizable monomer component. One or two or more types of each of these may be leed. In view 

40 of curing and contraction, and the bonding characteristics, it is preferable to use monofunctional (metti)acrylate as tiie 
main agent in combination with polyfunctional (meth)acrytate. 

The photopolymerization initiator is not particularly limited, provided that it is one which generates a radical upon 
exposure to light and that ttiis radical reacts effidentiy witii the aforementioned (meth)acrylate composing the compo- 
sition. Such types of photopolymerization initiators include ones which generate a radical upon cleavage of the mole- 

45 cule, and ones which are used in a conrposite such as the corrt)ination of an aromatic ketone and a hydrogen donor. 

Examples of photopolymerization initiators which generate a radical upon cleavage of the molecule include benzoyl 
ethyl etfier, benzoin isobulyl ether, benzyl dimethyl ketal. 1-hydroxycydohexyl phenyl ketone. 2-hydroxy-2-metiiyl-1- 
phenylpropan-1-one, 2.4.6-trimethy!benzoyldiphenylphosphine oxide, 1-(4-isopropylphenyl)-2-hydroxy-2-methylpro- 
pan-1-one. and 2-methyl-1-(4-methytthiophenyO-2-morpholinopropan-1-one. and the like. 

so Aromatic ketones exemplifying photopolymerization initiators which are used in a composite include benzoph-: 
none. 4-phenylbenzophenone. isophthalophenone. 4-benzoyl-4'-methyldiphenyl sulfide, 2.4-diethytthioxanthone. 2-iso- 
propylthioxanthone. and 2-chlorothioxanthone. Examples of hydrogen donors which are used in combination with the 
aforementioned include mercaptan compounds, amine compounds and the like. In general, however, amine type cor^t- 
pounds are preferable. 

55 Exarrples of anrtine type compounds include triethylamine, metfiykJiethanolamine. triethanolamine, diethylanx: x;. 
thyl (meth)acrylate. p-dimethylaminoacetophenone. ethyl p-dimettiylaminobenzoate, isoamyl p-dimethylantinoben- 
zoate. N.N-dimethylbenzylamine. and 4,4*-bis{diethylamino)benzophenone. and ttie like. 

It is preferable that the UV curstAe composition be one which is in a liquid state at terrperatures ranging from room 
tenperature to 40**C. H is preferable ttnat a solvent not be employed, or to restrid the use thereof to an extremely small 
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amount Further, when carrying out coating of the composition using a spin coater. it is preferable that formulation be 
carried out so that the viscosity is in the range of 500 to 1000 centipoise, so that a comparatively thick coating can be 
achieved. 

The product disc obtained by bonding two disc substrates together is readily subject to warping and deformation in 
each of its disc stibstrates. making it difficult to obtain a bonding layer and a bonded product disc of uniform thickness 
across the entire surface thereof. However, by using a disc holding member which has an extremely small degree of 
surface roughness and an extremely low degree of profile in-egularity together with a vacuum-suction element to hold 
each disc substrate, the particular defonration or warping in each plastic disc substrate can be forcibly corrected by the 
disc holding member. Thus, defonmation or warping in the disc can be conrected more precisely as compared to the 
case where a disc holding member and vacuum-suction element are not employed. Further, the bonding layer between 
the two disc substrates, which is filled with the UV curable composition, becomes subject to a temporary viscous adhe- 
sive force from the UV curable composition, even prior to irradiation with UV. In this case, even if the disc holding mem- 
ber is released, each of the disc substrates will remain in their con-ected state for a period of time due to this temporary 
viscous adhesive force. Accordingly, by carrying out UV irradiation soon after release of the disc holding men*er. with 
the disc substrates corrected of any warping or deformation, it is possible to obtain a bonding layer and product disc of 
uniform thickness across the entire surface thereof. 

Where employing a UV transmissive disc holding member which has extremely small surface roughness and an 
extrenely low degree of profile in-egularity, and which has a vacuum-suction element, It is possible to obtain a bonding 
layer and product disc of uniform thickness across the entire surface thereof, with the fine degree of correction in the 
individual disc substrates that was imposed by the disc holding member maintained even when the holding member is 
released. 

Altematively. in tfie case where at least one of two disc substrates, in which one or both disc substrates have a UV 
transmissive-visiWe light reflective information recording fayer provided on a UV transmissive plastic base, is coated 
with a UV curable composition employed as tiie bonding agent, and curing and bonding are can^ied out under UV irra- 
diation witti the infonnation recording layer facing inward, to bond together the two disc substrates, the following mettiod 
is available. Namely, both of tfie disc substrates are held with a disc holding member which has a vacuum-suction ele- 
ment and has a surface roughness of Rmax ^ l^m and profile irregularity of less than or equal to Tk (X= 5460 ang- 
stroiTC) measured according to Japanese Industrial Standard (JIS) B0601 . One of ttie disc siAstrates is then pressed 
on top of ttie other disc substrate so that the bonding layer becomes a constant thickness. The holding member is then 
released, and the two disc substrates are bonded together by curing the bonding agent under UV irradiation. 

Alternatively, where bonding two disc substrates in which one or both disc substi-ates have a UV transmissive-vis- 
ible light reflective infonnation recording fayer provided on a UV transmissive plastic base, by employing a UV curable 
composition as an bonding agent coating the UV curable conposition to at least one of ttie two disc substrates, and 
curing the conposition under UV irradiation with the disc substrate's recording layer facing inward, the following method 
is available. Namely, the disc substrates are held by UV transmissive disc holding members Which are provided witii a 
vacuum-suction element and have a surface roughness of Rmax ^ Ijrni and a profile irregularity of less than or equal 
to Tk (X= 5460 angstroms) measured according to Japanese Industrial Standard (JIS) B0601. One of the disc sub- 
strates is then pressed onto the other disc substrate so that the bonding layer reaches a constant thickness, and the 
...two disc substrates ar^ then bonded together by curing the bonding agent under UV irradiation. 

Because the member for holding stacked disc substrates is provided with a vacuum-suction elemertt and has an 
extremely low surface roughness and profile in-egularity. the particular warping and deformations in the plastic disc sub- 
strates can be forcibly conrected. with the two disc substrates pressed together so ttiat the thickness of the bonding 
layer therebetween becomes constant. Since curing with UV can then be carried out witti ttie disc substrates stacked 
in this extremely precise configuration, warping, bending and changes in the mechanical strength of the product disc 
can be reduced. Tlius. the yield of product discs in which the bonding layer and the product disc itself are of constant 
thickness across ttie entire surface thereof can be increased. 

It is preferable to employ a liquid UV curable composition which has high viscous adhesive characteristics even 
prior to UV inadiation. This is because the enforced correction of warping, etc., in the disc substrates can be mainfained 
, for a longer period of time after release of the disc holding member prior to UV irradiatiori, due to the tenporary viscous 
adhesive force of the composition. Thus, the length of time until UV irradiation may be extended. 

In order to coat a fixed quantity of the UV curable conposition accurately, a high precision quantitative liquid feeder 
may be employed which is provided with a function to corrpensate for deviations in the discharge amount due to the 
difference in water head inside the conposition tank, or which is provided with an automatic vacuum conpensator for 
preventing mixing in of bubbles and liquid run. Such types of high precision quantitative liquid feeders include those 
manufactured by Musashi Engineering Co., or the US conpany EFD. 

The UV curable composition may be coated over the entire disc substrate surface where bonding is necessary, or 
may be applied to a small area and then spread over the entire surface. The bonding agent may be applied in ttie shape 
of a ring concenfric around the center axis of the disc substrate. One disc substrate may ttien be fixed in place levelly 
with the bonding surface directed upward, wtiile the other disc substrate is placed on top of the f irst disc substrate and 
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pressed down onto it so that the center axes of each disc substrate are aligned. As this is being done, the bonding agent 
applied in the shape of a ring gradually spreads over the entire surface of the disc substrate. UV irradiation is then car- 
ried out. In this case, the following relationship can be employed. 

vol. of bonding agent ^ thickness of bonding agent layer 
surface area of bonding surface 



The thickness of the borKling layer following curing can be obtained based on this relationship and on the rate of con- 

10 traction of the bonding agent upon curing. 

When coating a UV curable composition using a high precision quantitative liquid feeder, it is preferable to adjust 
the viscosity of the composition (resin) to be in the range of 3.000 to 20,000 cps. When the viscosity is in this range, the 
discharged bonding agent maintains its shape (i.e., application in the form of a ring, etc.) over a period of time, even if 
the disc substrate is inverted. Further, a UV curable composition in this viscosity range will not spread more than n^r 

15 essary prior to stacking of the disc substrates, but at the same time is not so difficult to spread that an portion of the oiow 
substrate surface does not become coated. It is preferable to apply the bonding agent in the shape of ring on the bond- 
ing surface of the disc substrate. 

The bonding agent may be applied to the bonding surface of just one disc substrate in the shape of a ring concen- . 
trie about the disc sii)strate center, or may be applied to the bonding surfaces of both disc substrates in the shape of a 

20 ring concentric about the disc substrate centers. 

Bubbles nray occur when spreading the UV curable composition across the entire surface of the disc substrate. 
However, this, may be almost entirely eliminated by lowering the upper disc substrate gradually until the respective ring 
shaped applications of the UV curable bonding agent spread across the entire surfoce, and the disc substrates meet. 
By forcibly correcting warping, etc. in the disc substrates using disc holding members provided with a vacuum-suc- 

25 Won element and having extremely low surface roughness and profile irregularity, a constant thickness can be achieved 
for the tx}nding layer and tiie product disc across the entire surface area thereof. 

Any known conventionally used material may be employed for the disc holding member, examples including metals 
such as stainless steel, aluminum, and titanium, plastics such as polyphenylene sulfide and arorriatic polyirnides. and 
glass. When using a material which does not have the aforementioned specific surface roughness and proffle inregular- 

30 ity. the material may be used after minor-finishing the surface. Furtiier. it is preferable that a UV transmissive materio: 
be employed for both the aforementioned material and the disc holding member itself. 

A smaller absolute value for the surface roughness and profile irregularity of the disc holding member is nrrare pref- 
erable. Where obtaining a disc holding member in which the surface roughness is Rmax = Ijim and profile irregularity 
= 7X (X= 5460 angstroms) measured according to Japanese Industrial Standard (JIS) B0601 , metals or glass are pref- 

35 erable from among the aforementioned materials as their surfaces may be readily mirror^inished to these values. 
Glass, however, is even more preferable than metal, as its surface can be ntirror^inished to a surface roughness of 
Rmax^.OSfim and a profDe irregularity of less than or equal to IX (X= 5460 angstroms) measured according to Japa- 
nese Industrial Standard (JIS) 60601 . 

If the tftickness of the bonding layer is determined by the volume of the bonding agent used and ttie surface rough- 

40 ness and profile irregularity of the disc holding members, then it is possilrfe to extremely accurately control the pressing 
force applied on ttie disc substrates. However, a sinpler method providing the same effects as the method described 
above employs for at least one of the disc holding meml>ers. a disc holding member which has a spacer which controls 
the thickness of ttie stacked disc substrates so that the thickness is consfant across the entire surface of the disc sub- 
strate, this disc holding member provided with a vacuum suction element and having a surface roughness of Rmax = 

45 ^\lm and profile irregularity = 7X (X= 5460 angstroms) measured according to Japariese Industrial Standard (JIS) 
B0601. 

There are no particular limitations applied to the stacking of the two disc substrates by the disc holding members 
prior to bonding. For example, the disc sut)strates may be positioned so that the bonding surfaces face one another, 
with the upper disc substrate lowered onto and pressed against the lower disc substrate which is held immobile. Con- 
so versely, the upper disc substrate may be held in place while the lower disc substrate is raised up and pressed agair*^' 
it Alternatively, ttne lower disc substrate may be raised while the upper disc substrate is lowered until they meet ana 
pressed together. 

Such operations as releasing the disc holding member, removing all or a portion of the member, and the like, prior 
to curing a UV curable bonding agent, which must be caaied out in the case of a disc holding member which is not UV 
55 transmissive. are not necessary when the disc holding member permits ttie passage of UV light therettirough. Thus, th.. 
bonding operation per unit time is improved, and the need for a special mechanism to remove the holding member is 
eliminated. Accordingly, the device used in the manufacturing process requires fewer parts as compared to conven- 
tional devices, and thus can be made more compact. 

When a disc substrate has a very high degree of warping or deformation, it may return to ttiis original shape under 
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its own restorative force once the disc holding member is released. Accordingly, it may be difficult in this case to bond 
the disc substrates with there corrected configuration maintained. 

Thus, in the case of a disc holding member which does not transmit UV light, it is effective to employ such methods 
as immediately carrying out UV irradiation upon release of the holding member, using a UV curable composition which 
has a high viscous adhesive force at the bonding surfaces of the disc substrates even prior to UV irradiation, and the 
like. In contrast, when using a UV transmissive disc holding member, the disc holding member does not have to be 
released prior to UV irradiation, so that the amount of time elapsed from stacking of the disc substrates to UV irradiation 
is not a concern. 

When using disc holding members which do not transmit UV light then at least one of the holding members is 
released and UV irradiation is carried out from the side of that surface. 

It is preferable that the disc holding member be UV transmissive, and even more preferably that it be formed of a 
UV transmissive material which transmits UV light of the wavelength needed to cure the bonding agent at as high a rate 
as possible (preferably 100%). Glass is suitably used as this material, with a UV transmissive disc holding member 
made of quartz glass being preferable. The upper and lower disc holding members both have vacuum-suction elements 
which are employed for holding the disc substrates. 

A vacuum pump and a plate-shaped disc holding member in which a plurality of holes or grooves have been formed 
in at least one surface may be employed for the vacuum-suction element, for example. In this case, using the vacuum 
pump, a low pressure state is induced on one surface of the disc substrate by suctioning air up via these holes or 
grooves. The disc substrate is thus held fixedly under this suction force. It is, of course, more convenient to connect the 
holes or grooves so that air may be drawn up through a single suction opening. In this case, the greater the degree of 
low pressure, the more sufficiently the disc substrate can be held in a fixed position. Once bonding of the disc sub- 
strates has been con^leted, the air suction terminates and the suction holes or grooves return to a nomial pressure 
state. The bonded disc siijstrates can then be released and separated from the holding member. 

When holding the two disc substrates, it is permissible to use a disc holding member equipped with a vacuum-suc- 
tion element that is UV transmissive for one disc substrate, and a disc holding member equipped with a vacuum-suction 
element that is not UV transmissive for the other disc substrate. However, when carrying out UV irradiation from the 
outer surfaces of both disc substrates, UV transmissive disc holding members are preferably employed for the holding 
of both disc substrates. 

Additionally, in the case of bonding together one disc substrate which has an infomiation recording layer provided 
on a UV transmissive t>ase and another disc substrate which does not have an information recording layer requiring a 
UV transmissive base, where bonding thus occurs between a base and an information recording layer. UV inradiation is 
generally can-ied out only from the side of the si4)Strate which does not have an infomiation recording layer. The disc 
substrate surface having the information recording layer may then be held with the non UV-transmissive disc holding 
member. In this case as well, however, it is of course penrtssible to enploy UV transmissive disc holding members for 
Ixjth disc substrates. 

In the present invention, in the case where both of the disc substrates have an information recording layer provided 
on a UV transmissive base, the disc substrates are bonded together with their information recording layers facing one 
another. The infomiation recording layers having exposed UV transmissive-visaale light rdlective coatings as described 
above may be directly bonded together, or a protective coating for protecting the exposed surface of the metallic coat- 
ings may be provided'^ one or both of the recording layers, with these protective coating layers then borided together. 
This protective layer is also generally formed of a UV curable composition, and must be UV transmissive. The UV cur- 
able composition used for the protective coating is preferably formulated to have excellent bonding character for both 
the UV transmissive-visible light reflective coating and the cured UV curable composition. Of course, the preceding also 
applies to the case where one disc substrate has an information recording layer on a UV transmissive base while the 
other disc substrate does not have an information recording layer which requires a UV transmissive base, and bonding 
is thus earned out between an information recording layer and a base. 

The present invention is characterized in that curing of the U V curable composition is carried out by flash irradiation 
of UV light. A single flash is acceptable, but a design which adjusts the duration of a single bonding cyde to be 3 to 15 
seconds in length is preferable. 

When canying out flash inadiation with UV light a light generating device including a lamp as a UV light source 
and a flash-type discharge mechanism may be employed, as in the second aspect of the present invention. 

The UV light source employed in the present invention may be typified by a device which can repeatedly generate 
flashes of UV light A xenon lamp, mercury-xenon lamp, metal halide lamp or the like may be employed for the lamp. 
Additionally, it is preferable to employ a lamp which has excellent durability with respect to the repeated generation of 
light 

A circuit which connects in series to a capacitor for storing charge, the lamp electrodes, and the cdl for controlling 
the cunent waveform during discharge may be employed for the flash-type discharge mechanism which causes flash- 
ing of the lamp. 

The capacitor may be charged using a circuit in which an element connected in series to a direct current voltage 
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source and a resistor for controlling the charging cun-ent is connected in parallel to the capacitor. In order to discharge 
the charge stored in the capacitor to the lamp, a supplementary electrode in the form of a wire wrapped several times 
around the lamp may be provided, with a trigger generating circuit used to impress a high voltage pulse between the 
supplementary electrode and one of the lamp's electrode. 

5 Dielectric breakdown of the gas inside the lamp then occurs instantly with the impression of a high voltage pulse. 

This becomes a trigger, with the electric energy stored in the capacitor discharged inside the lamp within an extremely 
short time t to release an intense flash. 

The electric energy is discharged during an extremely short time t which is on the order of micro to milliseconds. 
For this reason, the voltage between both electrodes of the lamp falls sharply with the start of discharge, so that dis- 

10 charge ends immediately. 

Further, the following mechanism can l>e enployed to carry out repeated flashing of the lamp. In the discharge 
accompanying the flash, charging of the capacitor from the direct current voltage source begins at almost the same time 
as the termination of discharge. The time required for charging is related to the time constant -c which is determined from 
the product of the capacity (farads) of the capacitor and the resistance (ohm) for controlling the charging current In con 

15 eral. when the relationship between the time constant -c and the discharge time t is x»X, then the generation oi ;iytvi 
through electric discharge does not become continuous, but concludes as a single generation. However, charging is 
subsequentiy carried out continuously. 

When charging of the capacitor becomes saturated to a certain level where electric discharge is again possible, a 
high voltage pulse is again impressed. When this happens, the second flash is generated. Repeated flashing of ttie light 

20 can be carried out by the above described operation. 

In-adiation with flashing UV light may be carried out at one surface of the disc substrate, or at botii surfaces of the 
disc substrate. However, when bonding is between an information recording layer side and a base side in the case 
where one disc substrate has an information recording layer provided on a UV transmissive base while the other disc 
substrate does not have an information recording layer which requires a UV transmissive base, then UV irradiation is 

25 generally earned out only at the surface of the disc substrate which does not have the information recording layer. How- 
ever, irradiation may also be carried out at both this surface and at the surface of the disc substrate which has the infor- 
matipri recording layer. 

In the case where one disc substrate has an information recording layer provided on a UV transmissive base while 
the other disc substrate does not have an information recording layer which requires a UV fransmissive base, such that 
30 bonding is between an information recording layer side and a base side, with UV irradiation carried out only at the sur- 
face of the disc substrate which does not have the information recording layer, a comparison between a flash-type irra- 
diation of UV light and continuous UV irradiation reveals that the fomier <x)nsumes less electric power and provides a 
higher rate of productivity. 

Where disposing a plurality of lamps, whether in the case of iradiating from the side of one or from the sides of 

35 both disc substrates, it is preferable to synchronize the flashing of the lamps in the UV irradiation as this produces a 
more efficient curing of the UV curable composition than in the case where f lashir^ of the lamps is not synchronized. 

In tiie case where infrared light is included in the light from the light source when canying out a flash-type UV irra- 
diation, it is preferable to block the infrared light and inadiate with UV only. In this way. infrared irradiation of the disc 
sul>strate is avoided. arKJ deformation or warping of the disc due to heat from the infrared light does not readily occur. 

40 An ordinary infrared blocking filter may be employed when selectively blocking infrared light from the light rays gen- 
erated from a light source larrp for generating UV light. 

Through the discovery of the present inventors, it was understood that even if the same energy was discharged 
each cycle, the intensity of the light emitted from the lamp or the spectral distribution changes if the peak value of the 
discharge cun-ent or the time duration is changed, so that the curing characteristics of identical UV curable composi- 

45 tions may vary. On the other hand, in the case of a ttiin metal coating of aluminum, nickel or the like, the spectral distri- 
bution and the intensity of the light transmitted will be different depending upon the material, its thickness, etc. 

In the device according to the present invention, in order to txjnd various types of disc substrates using flash-type 
UV irradiation under identical processing conditions, it is preferable that the device have a mechanism for varying such 
circuit constants as charging voltage applied to ttie discharge circuit capacitor capacity, inductance and the like, in 

50 response to the light transmissive characteristics and ttie ttiickness of the UV transmissrve-visible light reflective coating 
used in the disc substrate. In ttiis way, it becomes possible to suitably adjust the time duration and ttie peak value of ttie 
discharge cun-ent for each type of disc substrate using a single light generating device, so that efficient curing of the 
bonding agent under UV irradiation can be achieved. 

In a flash-type irradiation, light in the infrared region is inadiated along witti the intense UV fight emitted from thr* 

55 lamp at the time of light generation. This infrared light which may comprise a particulariy large proportion of ttie lin: 
inadiated toward ttie disc substrate, readily transmits heat to an object However, if a material which readily transmits 
light, such as pdycartwnate, is employed for the substrate material, there is almost no occurrence of deformation by 
heat even in the case of this type of intense flash. Thus, damage to the surface of ttie disc substrates is almost entirely 
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However in the case where a sputtered layer in which the material is aluminum or the like, which has a low degree 
of light transmissivity, is provided to the substrate, the majority of the light energy during the flash irradiation is returned 
to the lamp from the sputtered coating. When this occurs, the peak power of the flash becomes too strong, and may 
damage the aluminum layer, causing it to change color, in the case where the distance between the lamp and the disc 
substrate is too short 

In order not to impair the reliability of the information aigraved in the pits of the information recording layer due to 
flash-type irradiation, rt is preferable to suitably adjust the waveform of the discharge cun-ent and the distance between 
the lamp and the disc substrate. 

In this way. the product disc fomied by bonding together two disc substrates can be scanned and irradiated with 
visible light rays from a semiconductor laser to replay the inforrralion recorded on the information recording surface. As 
a result the recorded information can be converted to sound of visual images, for example, for the user's enjoyment. 

By employing a UV light source lamp and a flash-type discharge mechanism in the above descnted present inven- 
tion, the curing reaction of the UV curable composition can be earned out to complete the bonding process within a 
shorter period of time than required in conventional methods ar^ devices, even when the equipment has a lower elec- 
tric capacity. Thus, it is possible to realize a production process for bonded discs at low cost. Further, if a mechanism 
for suitably adjusting the discharge cunrait wavefomi in response to the light transmitting characteristics of the disc sub- 
strate is provided, then UV irradiation can be canied out with even greater efficiency. 

The first aspect of the present invention relates to a method for obtaining a single product disc by bonding together 
two disc substrates. At least one of these two disc substrates has a UV transmissive-visible light reflective information 
recording layer provided on a UV transmissive base. When bonding this disc substrate with another disc substrate 
which may have the same or different layer structure, a bonding agent consisting of a UV curable composition is 
employed with a flash-type UV irradiation carried out. As a result, the product disc can be obtained in a shorter period 
of time with less energy consumed as compared to the conventional technique of carrying out continuous UV irradia- 
tion. Further, the number of bondings per interval of time (i.e., the productivity) can be improved. 

In the second aspect of tiie present invention, by providing a non-conventional flash-type discharge mechanism 
when exa-cising the method according to the first aspect of the present invention, it becomes possible to can^y out a 
flash-type irradiation of UV light As a result, it becomes possible to obtain a product disc in a shorter period of time with 
less energy consumed, while increasing the number of bondings per interval of time, as compared to the conventional 
technique of can-ying out continuous UV inadiation. An additional advantage is also obtained, however, in that the 
device can be made smaller and lighter in weight 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rgure 1 is a view in cross-section of one of the disc substrates prior to bonding which form a DVD which is manu- 
factured using a bonding method. 

Rgure 2 is a view in cross-section of one embodiment of the disc bonding device. 

Rgure 3 is a schematic figure showing the power circuit for supplying electric power to the xenon lamp. 

Rgure 4 is a schematic figure showing the power circuit for the synchronous generation of light from 3 xenon lamps. 

"description OF Till PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now be explained. 

Rrst a thermoplastic resin having excellent heat resistance is melted and poured into a stamper in which pits cor- 
responding to recorded infonnation have been carved in a circular direction. The melted resin is cooled to obtain a cir- 
cular disc sut>strate engraved with pits. 

Next a metal is sputter-deposited on the surface engraved with pits to a constant thickness, to form a thin coating 
which will reflect visible light at a high rate for regeneration but is almost entirely non-transmissive to UV. A liquid UV 
curable resin which can fomi a cured material which is highly transmissive to UV and has excellent adhesive character- 
istics with respect to metal is coated onto the thin metal coating to form a smooth surface, completely filling the irregu- 
larities in the metallic coating which are caused by the aforementioned pits and the like. UV irradiation is then carried 
out to cure the composition, forming the protective coating layer. However, when the protective coating layer is not nec- 
essary from the prospective of the quality of the product, it may be omitted. An even number of at least two or wore of 
these disc substrates are prepared. 

The infonnation recording layer of one disc substrate is directed upward, and a liqu'rd UV curable conposWon is 
dripped onto the disc substrate surface, this liquid UV curable composition able to form a cured matter which has excel- 
lent adhesive characteristics with respect to the infonnation recording layer and including a photopolymerization initiator 
which has an absorption wavel^gth which overlaps with the wavelength of the UV light which is irradiated in flashes as 
explained below. Spin coating is then carried out so that the UV curable composition forms a coating of a specific thick- 
ness. 
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Before the composition is cured, another disc substrate is stacked on top of the first disc substrate so that its pro- 
tective coating surface faces the surface of the first disc substrate which was coated with the UV curable composition. 
In orcler to sufficiently adhere the bonding agent and both protective coating layers, a weight which transmits UV light 
is applied. 

The bonding agent may consist essentially of the UV composition or it may additionally contain other ingredients. 
The bonding agent is also called an "adhesive" in this technical field. 

According to the present invention, the bonding of two disc substrates includes the following five types: 





Type 1 


Type 2 


Type 3 


Type 4 


Type 5 


Disc Substrate 1 




UVTB 


UVTB 




UVTB 




UVTB 


IRL 


IRL 


UVTB 


IRL 




IRL 


PL 


PL 


IRL 


PL 




Adhesive 


Adhesive 


Adhesive 


Adhesive 


Adhesive 


Disc Substrate 2 


IRL 
U\n"B 


PL 
IRL 
UVTB 


IRL 
UVTB 


UVTB 


UVTB 


UVTB: UV Transmissive Base 
IRL Information Recording Layer 
PL: Protective Layer 



A UV light source lamp containing gas is connected to the flash-type discharge circuit obtained based on the circuit 
shown in Rgure 3.-A supplementary electrode connected to a trigger goierating circuit is provided around tfie lamp. If 
a design Is provided which allows the total capacity of the direct current voltage source, charging capaciforrresistbr for 
controlling the charging current and capacitor to be varied by changing a switch, then conditions for curing the UV cur- 
able composition in disc bonding, such as the peak value of the waveform of the discharge current, the time duration 
for the waveform to reach 1/3 of this peak value, the repeat speed of the lamp flash, etc., can be optimized by operating 
the device. 

When the lanrp is a non-directional light source, a hood provided with a UV reflective coating is provided around 
the lamp to orient the direction of the fight rays from the lamp which are directed at the surface which is to be cured, 
while an infrared blocking filter Is provided in the light ray path so that only UV light is selected to in^adiate the surface 
to be cured. 

The emission spectrum of the flash-type UV is selected so that the transmissivity of the thin metallic coating is as 
high as possible, the photopolymerization initiator included in the curable composition reacts strongly to the UV light 
passing through the metallic coating, and the UV light and the absorption wavelength overlap in as many regions as 
possible. In this way, UV light is irradiated in flashes according to the conductance from the supplementary electratf: 
which is connected to the trigger generating circuit 

Although modes of disc bonding methods and devices therefor are explained in the above, the following modes are 
also included in the present invention: 

(1) a method for producing a product DVD in which two disc substrates are landed together, each disc substrate 
having a UV transmissive base, at least one disc substrate having a UV transmissive-visible light reflective infornv 
tion recording layer provided on the UV transmissive base, by using a bonding agent containing a UV curable com- 
position between the disc substrates, the information recording layer of one disc substrate facing the other disc 
substrate, and by curing the bonding agent by UV irradiation. 

wherein the bonding agent is cured by a single or repeating flash of UV light so as not to impair the informs 
tion recording surface, with the energy consumed being less and the irradiation time being shorter than is reqi:. 
in the case of curing a UV curable composition using a continuous emission of UV light; and 



(2) a product DVD obtained by the method as recited in the first aspect of the present invention. 
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Examples 



Example 1 

Preferred embodiments of the present invention will now be explained in detail using the figures. Figure lis a view 
in cross-section of one of the disc substrates for a DVD standard which is manufactured using a bonding method. The 
numeral 1 Indicates a polycaibonate resin base; 2 is a surface for recording infonnation; 3 is an aluminum sputtered 
coating which has a transmissivity rate of about 3% at a wavelength of 365 nm; 4 is a protective coating consisting of a 
cured UV curable composition (resin) which is UV transmissive and has an excellent sealing character with aluminum 
and with the bonding agent which is used for bonding the disc substrates as explained below. Additionally, the line in 
the center of Rgure 1 indicates the center axis of rotation of the disc substrate. 

There are various types of discs under the DVD standard. For example, a type of disc known as SD-10 (DVD-10) 
is produced by bonding together the two disc substrates shown in Figure 1 so that their information recording layers 
face one another In the SD-5 (DVD-5). one disc substrate as shown in Rgure 1 and another cfisc substrate which is 
transparent and is of the same shape and material but which is not provided with an information recording teyer are 
bonded together wrth the information recording layer of the first disc substrate facing iriward. The present invention 
includes both the SD-10 (DVD-10) and SD-5 (DVD-5) types. However, in the following explanation, the bonding of disc 
sidJstrates for an SD-10 (DVD-10) will be used for fliustralion. 

An explanation will now be made of the device employing the present invention. Rgure 2 is a view m cross-secbon 
of the outside of this device. The numeral 5 indicates an extremely flat pedestal for fixing the disc substrate in place, 
whne 6 is an axis shaft for matching the centers of the two disc substrates. As in Rgure 1 . the line in the center of Figure 
2 indicates the center axis of rotation of the disc. The numeral 7 indicates an uncured layer of UV curable composition 
SD-1700 (manufactured by Dainippon Ink and Chemicals. Inc.) which is employed as the bonding agent and has been 
coated using a spin coating method. In Rgure 2. SD-1700 is coating only to the protective layer of disc substrate A 
(lower disc substrate) shown in Rgure 1 . with the disc substrates stacked so that the protective teyer of disc substrate 
A* (upper disc substrate) and the protective layer of disc substrate A come in contact 

In Rgure 2. the numeral 8 indicates a quartz glass disc for applying a uniform load so that the two stacked disc sub- 
strates will adhere together well, while 9 is an aluminum weig^ of approximately 2 kg provided for adjusting the load. 

Numeral 10 indicates a long cylirxlrical xenon temp (manufactured by Ushio Inc.) witii a tube diameter of 10 mm 
and an effective light-emitting length of around 300 mm. Numeral 1 1 is a hood having a parabola-shaped reflective sur- 
face which is provided for efficienfly irradiating the disc surface with the light flashes. Numeral 12 is a reflective coating 
provided inside the hood which tiansmils infrared but reflects UV well. Numeral 13 is an infrared blocking filter which 
blocks the infrared component of the light flashes. This later prevents light from the infrared region, which has consid- 
erable heat generating effect, from heating tiie disc, causing defomrations. etc. 

Although not shown in Rgure 2. a supplementary electrode in ttie form of a wire is provided along the length of lamp 
10 which is at the front of Rgure 2. One electrode which is provided at ttie front end of famp 10. one which is provided 
at the back end of tenp 10. and this supplementary electrode are connected to a flash-type discharge mechanism. 

Rgure 3 shows a basic power circuit for supplying power to the xenon fanp. causing it to generate light In the fig- 
ure, numeral 14 indicates a direct current power source for charging; numeral 15 indicates a capacitor C for charging 
' for which the total capaStance can be varied by changing a switch; numeral 1 6 is an air coil having reactance L provided 
for adjusting the wavefonn of the discharge; and numeral 1 7 is a repeating trigger generation circuit. The output termi- 
nal for repeating trigger generation circuit 17 is connected to the supplementary electrode which is direcUy wrapped 
several times around the xenon lamp (the line which is drawn parallel to lamp 10 in the figure is a convenient represen- 
tation to indicate the supplementary electrode). 

By setting the reactance L of ttie air coil to 30 (iH. the charging voltage to 1.8 kV. the capacitance to 300 jiF. and 
the repeating speed of the ffash discharges to 1 cyde/sec. uncured teyer 7 could be completely cured under UV irradi- 
ation for 7 seconds. ^ . • 

The energy used in this case was 3.4 kWs (3.400 joules). In order to obtain about tiie same degree of cunng using 
the conventional continuous in^diating-type UV irradiation device, it is necessary, for example, to employ a metal halide 
lamp writh an installation capacity of 3 kW. wrth ttie disc substrates placed on a conveyor and passed under ttie lamp at 
a distance at which the disc substtates will not be deformed due to heating by ttie lamp. About 15 seconds are required 
in ttiis case, viritti the 45 kWs (45.000 joules) of energy being consumed. In other words, as compared to continuous UV 
irradiation, a flash-type irradiation enables two disc substrates to be bonded togettier witti less energy consumed. 

The discharge energy per cycle calculated under the aforementioned conditions was 486 J. while ttie peak value 
of ttie wavefonn of ttie discharge current was about 1.050 A. The time duration for ttie waveform to reach one ttiird of 
its peak value, peak, and ttien again fall to one ttiird of its peak value (hereinafter, referred to as "one-ttiird-falling dura- 
tionT was about 0.4 msec. Under tiie aforementioned conditions, the power consumed in terms of power capacity did 
not even amount to 1 kW. even when taking ttie voltage conversion efficiency and ttie power factor of ttie electric circuit 
system into consideration. 
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In the above described embcxJiment two disc substrates could be bonded together in a cyde time of 10 seconds 
using a low capacity UV irradiation device where electric power consumption was 1 kW. 

In this example, a very Intense flash was generated from the xenon lamp during irradiation. However, this flash.did 
not meft the aluminum sputtered layer provided on the disc substrate. 

5 

Example 2 

In this example, an aluminum sputtered coating which has a transmissivity rate of around 0.5% at a wavelength of 
365 nm was enrployed, with 3 of the long cylindrical xenon lamps (manufactured by Ushio Inc.) from Example 1 used. 
10 While not shown in the figures, in this example, the lamps were disposed in parallel at Intervals of about 3 cm so that 
UV irradiation could be carried out almost uniformly across the entire surface of the disc substrate. The distance from 
the center of lamp 1 0 to the disc surface was about 30 mm. 

Supplementary electrodes 19 were provided in the form of conducting wires wrapped several times around the 
length of each of lanrps 10. The left and right electrodes and the supplementary electrode of lamp 10 are connected tr; 
15 a flash-type discharge mechanism. 

Figure 4 shows the mechanism for synchronizing the flashing of the three xenon lamps. The part for switching the 
capacitor C for charging is omitted from the figure. The circuit in Rgure 4 has a construction wherein basic power cir- 
cuits (one of which is shown in Rgure 3) which are as numerous as the number of lamps, are provided In parallel. When 
generating light from each lamp, the connection between the high voltage side of capacitor 5 and the positive electrode 
20 of direct current power source 14 is carried out via a diode 20 so that the charge in capacitor 15 which is connected in 
series to each of the lamps does not flow to the other lamps. The synchronization of light flashes from each of the larrps 
can be carried out by supplying the trigger outputs from equivalent trigger generating circuits in parallel to the supple- 
mentary electrodes which are wrapped around each of the lamps. 

By setting the reactance L of the air coil to 30 jiH. the charging voltage to 1.8 kV, the capacitance to 300 jiF. and 
25 the repeating speed of the flash discharge to 1 cycle/sec. uncured layer 7 could be completely cured under UV irradia- 
tion for 7 seconds. 

The energy used In this case was 10.2 kWs (10.200 joules). In order to obtain about the same degree of curing 
using ttie converTtiohal continuous inradiating-type UV irradiation device, rt is necessary,^^^^^ employ a metal 

halide lamp with an installation capacity of 3 kW, with the disc substrates placed on a conveyor and passed under the 
30 lamp at a distance at which the disc substrates will not be deformed due to heating by the lamp. About 40 seconds are 
required in this case, with 120 kWs (120.000 joules) of energy being consumed. In other words, as compared to con- 
tinuous UV irradiation, a flash-type irradiation enables two disc substrates to be bonded togetiier with less energy con- 
sumed. 

When bonding disc substrates to form an SD-5 (DVD-5) type disc with the above desaibed equipment, uncured 
35 layer 7 can be cured in just a single inflation cycle when UV is irradiated from the side of the transparent disc sub- 
strate. 

The discharge energy per cycle calculated under the aforementioned conditions was 486 J, while the peak value 
of the waveform of the discharge cunrent was about 1 ,050 A. The One-third-falling duration was about 0.4 msec. Under 
these conditions, the power consumed in terms of power capacity did not even amount to 2 kW, even when taking the 

40 voltage conversion efficiency and the power factor of the electric circuit system into consideration. 

In the above described embodiment two disc substrates could be bonded together in a cycle time of less than 1 .0 
seconds using a low capacity UV irradiation device where electric power consumption was 2 kW. 

In this example, a very intense flash was generated from tfie xenon lamp during irradiation. However, this flash did 
not melt the aluminum sputtered layer provided on the disc substrate. 

45 Based on the present inventors' discovery, it Is hypothesized that the progression of the curing reaction of a UV cur- 
able resin under UV light which passes through a thin metallic coating Is not determined simply by the total energy 
required in the in-adiation. Rather, it is believed that the progression of the curing readtion is probably dosely related to 
the wavefonm of the discharge current, and more precisely, to the one-third-falling duration, and to changes in the emis- 
sion spectrum which is thought to varying with the waveform of tiie discharge current 

so When applying the present invention to a bonding process in a production line, it is preferable to employ a device 
which includes a mechanism for-suitably adjusting the one-third-falling duration of the discharge current flowing to the 
lamp and the speed of repetition of light flashes, wltti the circuit constants of the discharge circuit suitably adjuster 
according to the light transmissive characteristics of each of the disc substrates. In this way, the application of tiie 
present Invention under optimal conditions can be realized. 

55 In a bonding method which employs a flash-type lamp device which can repeatedly generate light, wherein the 
light-emitting region of the lamp employed as the light source conforms well with tiie transmission spectrum of the alu- 
minum reflective coating which is formed to the information recording surface of the DVD, for example, and an intense 
light Is obtained Instantly, It Is possible to cure a bonding agent consisting of a UV curable composition within a short 
oeriod of time, even if the device has a low oower caoadtv of around 2 kW. 
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Claims 
1. 



A method for bonding together two disc substrates, each of which has a UV transm.ss.ve base, at least one disc 
substrate having a UV transmissive-visible light reflective information recording layer provided on the UV transmis- 
sive base by using a bonding agent containing a UV curable composition between the disc substrates, the infor- 
mation recoiling layer of one disc substrate facing the other disc substrate, and by curing the bonding agent by UV 

irradiation^^_^ the bonding agent is cured by a single or repeating flash of UV light so as not to impair the informa- 
tion recording surface, with the energy consumed being less and the inadiation time being shorter than is required 
in the case of curing a UV curable composition using a continuous emission of UV light 

2. A method according to daim 1 . wherein both of the disc substrates have a UV transmissive-visible light reflective 
information recording layer provided on a UV transmissive base. 

3. A method according to claim 1 wherein UV is irradiated in synchronized flashes from the sides of the UV transmis- 
sive bases of each of the two disc sutstrates. 

4 A method according to daim 1 . wherein the UV curable composition indudes a photopolymerization initiator, with 
the absorption wavelength of the photopdymerization initiator and the wavelength of ttie irradiated UV overiapping. 

5, A method according to daim 1 wherein UV irradiation is carried out while blocking infrared. 

6 A device for bonding togettier two disc substrates, each of which has a UV transmissive base, at least one disc sub- 
strate having a UV transmissive-visible light reflective information recording layer provided on the UV transmissive 
base by using a bonding agent containing a UV curable composition between the disc substrates, the information 
recoiding layer fadng tine other disc substiate. and by curing the bonding agent by UV inadiation. 

wherein a light emission device is employed which indudes a UV light source lamp and a flash-type dis- 
charge mechanism which can carry out a sLngleor repeating emission. 

7. A device according to claim 6. wherein both of the disc substrates have a UV transmissive-visible light reflective 
information recording layer provided on a UV transmissive base. 



8. 



A device according to daim 6. wherein a UV light source lamp is provided to the sides of the UV transmissive bases 
of each of ttie two disc substrates, and a mechanism is provided for synchronizing the inadiation of UV flashes from 
each of the lamps. 

A device according to daim 6. wherein the peak value and time duration of ttie discharge current flowing to ttie 
lamp, and ttie repeat speed for lanp emission can be suitably adjusted. 



10. A device according to claim 6 wherein an infrared fiHer is provided between ttie lamp and ttie disc substrate. 
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